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Abstract 
 
The purpose of this study was to examine the effects of three formats (traditional, vertical, and 
subtype) on the validity of the Curriculum-based Measurement (CBM) maze measure as an 
indicator of reading performance. The effects of gender on maze scores for each format were 
also examined. Participants were 42 students (17 females, 25 males) in grade 6 between the 
age of 11 and 13 from a Dutch school. CITO test scores and comprehension questions served 
as criterion measures for the maze tasks. Results revealed format, but not gender, effects for 
the mean maze scores. No format effects were found for correlations between maze and the 
criterion variables. Correlations between maze and CITO scores were all significant and 
ranged from .34 to .36. Correlations between the maze and comprehension question scores 
ranged from .25 to .36.  
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1. Introduction 
1.1 Social importance of the research 
Many students have severe reading difficulties that begin early and persist into 
adulthood (Espin, Wallace, Lembke, Campell, & Long, 2010). Such students are in need of 
intensive interventions, and teachers of these students are in need of a tool to evaluate the 
effectiveness of those interventions on their learning. Such a tool must be sensitive, efficient, 
reliable, and valid. Curriculum-Based Measurement (CBM) is one such progress monitoring 
tool. CBM has the potential to be used to screen and monitor the progress of students, and to 
lead to improvements in instructional programs. 
1.2 Curriculum Based Measurement 
CBM uses a standardized methodology for measuring academic performance inside 
the school’s curriculum (Fuchs & Fuchs, 1992). Standardized tests in reading, writing or math 
are administered on a frequent basis to monitor the progress of student performance. CBM 
can be used to evaluate the effects of instructional programs on student growth and for 
screening and identifying students for special services (Deno, 1985). CBM can also be used to 
formulate Individual Education Programs (IEP) and to transition students to less restrictive 
settings, or settings with general education students (Fuchs & Fuchs, 1992).  
CBM was developed because of the necessity for a powerful progress monitoring tool 
to monitor the progress of students’ academic performance. Monitoring the progress of 
academic performance is especially essential for educational decision-making, because by 
monitoring progress, teachers can decide whether an intervention is working (Fuchs & Fuchs, 
1992). An advantage of CBM is that it can provide information and methods to make 
appropriate instructional changes for students with reading problems (Madelaine & Wheldall, 
2004).  In CBM reading, a maze task has been used as an indicator of general reading 
proficiency. The maze task is a passage wherein every first sentence stays intact, and 
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subsequently every seventh word is deleted and replaced with three word choices. The three 
word choices include the correct word choice and two incorrect choices. The incorrect choices 
are called distracters. The maze task evolved out of another reading test called the cloze test. 
To understand how the maze came about, I first discuss the cloze task. 
1.3 History of  Maze 
 The cloze is constructed by deleting information from a passage, which the test-taker 
must then fill in (Chapelle & Abraham, 1990). The original purpose of the cloze test was to 
measure language proficiency. Cloze tests have been constructed in various formats based on 
the specific language trait they are supposed to measure (Chapelle & Abraham, 1990), 
including written grammatical competence, vocabulary, morphology, syntax and phonology, 
and textual competence (Bachman as cited in Chapelle & Abraham, 1990).  
Although the original purpose of the cloze test was to measure language proficiency, 
the cloze has also been used as a measure of reading proficiency. Research has revealed that 
scores on the cloze test result in moderate to strong relations with other reading tests (Parker, 
Hasbrouck, & Tindal, 1992).  
Well known formats in cloze research have been the fixed-ratio cloze and the rational 
cloze. The fixed-ratio cloze format has a construction in which words are deleted according to 
a fixed pattern, usually the seventh word in a sentence. Students have to fill in the missing 
words in the blank spaces. The scoring procedure in the fixed-ratio cloze test uses a strict 
scoring regime, meaning that there must be an exact replacement of deleted words in the 
passages to be scored correctly (O’Toole & King, 2011). This kind of exact scoring was 
proposed to have the advantage that it was easy to score and was objective (O’Toole & King, 
2011). Oller (as cited in Chapelle & Abraham, 1990) proposed the fixed-ratio cloze as a test 
for measuring global language proficiency. Research on the fixed-ratio cloze tests has 
revealed that the cloze is most likely a measurement of textual and written grammatical 
7 
 
competence (Shanahan, Kamil & Tobin; Chavez- Oller, Chihara, Weaver & Oller; Lado; 
Markham, as cited in Chapelle & Abraham, 1990). Textual competence relates to the 
knowledge of the cohesive and rhetorical properties of text (Bachman as cited in Chapelle & 
Abraham, 1990). 
The rational cloze is a procedure in which the test developer has control over which 
types of words are deleted (Chapelle & Abraham, 1990). The type of words deleted depends 
on the language traits that are to be measured; thus different cloze items can be explicitly 
chosen in the passages to measure different language traits such as grammatical and textual 
competence (Chapelle & Abraham, 1990). The rational cloze test is scored conceptually, 
because the scorer can give credit for conceptually and grammatically correct alternative 
synonyms (O’Toole & King, 2011).  
 Research reveals that when cloze items are selected by experienced test writers, the 
rational cloze produces tests that are reliable and correlate strongly with other language tests 
(Chapelle & Abraham, 1990). The disadvantage of using rational cloze is that, because test 
writers must select the deleted words, every test has a individual nature. Because of the 
subjective human influence in the construction of rational cloze tests, the types of items in 
various studies tend not to be equivalent to each other, which makes comparison of results 
difficult.  
In the 1970s the cloze was criticized for being frustrating for readers to fill in, being 
too difficult, and for testing only basic skills (Parker et al., 1992). Because the cloze depended 
on writing skills, it was also time-consuming to administer and frustrating to fill in for many 
low achievers (Parker et al., 1992). In response to these criticisms, another alternative to the 
cloze approach was created: the multiple- choice cloze or maze. 
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1.4 Multiple-choice cloze (Maze) 
The multiple-choice cloze test, also referred to as maze, uses a construction in which 
the test taker does not have to construct an answer but selects the correct word from given 
choices. Research on maze has demonstrated that it is easier for students to select a response 
than to construct one (Chapelle & Abraham, 1990). The maze has been shown to have strong 
correlations with reading tests (Fuchs & Fuchs, 1992; Parker et al., 1992; Wiley & Deno, 
2005; Ticha, Espin, & Wayman, 2009; Pierce, McMaster, & Deno, 2010).  
 Research studies suggest maze is similar in measuring reading comprehension as other 
reading tests, which can be seen in the strong correlations between maze and reading 
comprehension tests (Porter; Ozete, as cited in Chapelle & Abraham, 1990). For the last few 
decades maze has been used to measure reading comprehension of primary- and secondary-
school students. However, maze was originally used with students who were learning English 
as a second language or students who demonstrated reading disabilities (Parker et al.,1992). 
The assessment purposes of maze as classroom-based measure for low achieving students 
were: placement in instructional materials and groups, monitoring progress for formative 
program evaluation, and documenting student progress (Parker et al., 1992). Maze tasks have 
been used within CBM to monitor students’ progress in reading.. 
1.5 Maze within CBM 
 In CBM research, maze has been shown to be reliable and valid, with correlations .70 
(and above) between maze and reading comprehension measures across elementary- and 
secondary-school levels (Fuchs & Fuchs, 1992; Parker et al., 1992; Wiley & Deno, 2005; 
Ticha et al., 2009; Pierce et al., 2010; Wayman et al, 2007). The focus of the present study is 
on students at the secondary-school level; thus those studies are reviewed in more depth in 
this section.  
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Compared to the secondary-school level, there has been little research done on CBM 
reading for middle and high-school students (Espin et al., 2010).   
 Espin and Foegen (1996) examined the validity of three CBMs: reading aloud, maze 
and vocabulary matching. These three CBMs were examined for predicting comprehension, 
acquisition and retention of expository text. Participants were 184 students in grades 6-8. 
Thirteen of these students had mild disabilities. Immediately after reading the texts, students’ 
were asked to answer researcher-designed multiple-choice questions (comprehension). At the 
end of each instructional session students had to answer multiple-choice questions on daily 
tests about new passages, after receiving instruction (acquisition).  Finally, the students made 
a post-test  one week after the final instructional session, containing twenty-five multiple-
choice questions which were drawn from daily tests (retention).  The correlations between the 
CBMs and comprehension, acquisition, and retention were reliable, and moderately strong, 
ranging from .52 to .65. Of specific interest for the current study, the correlations between 
scores on the maze and reading comprehension questions was .56. In the following two maze 
studies we will discuss the reliability, validity and sensitivity to growth of  CBM maze among 
students from grade eight. 
 Tichá et al. (2009) examined the validity and reliability of two reading CBMs: reading 
aloud and maze-selection. These CBMs were used as indicators of performance and progress 
for secondary school students (53 eight graders). The Minnesota Basic Skills Test for Reading 
(MBST) and the Woodcock-Johnson III Tests of Achievement (WJ-III) served as criterion 
measures. The CBM maze was administered for 10 weeks on a weekly basis. Alternate-form 
reliabilities for the maze (2,3,4 minutes) were all significant and ranged from .79 to .91. The 
validity coefficients between the maze (2,3,4 minutes) and the WJ-III test ranged from .86 and 
.88, and correlations between the maze and the MBST ranged from.80 to .85. In addition, 
maze selection reflected significant growth over time with an average increase of 1.29 correct 
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choices per week. Growth on the maze was significantly related to improvements on the WJ-
III.   
Espin et al. (2010) examined the reliability and validity of two CBMs (reading aloud 
and maze selection) for indexing the performance of 236 eight-grade students. Growth curves 
for both CBMs were produced in an exploratory follow-up study, with a subset of 31 students. 
Maze selection task were administered with durations of 2-, 3- and 4-minutes. Two maze 
selections forms with two different scoring methods (correct, and correct minus incorrect) 
were correlated at each duration to produce alternate-form reliabilities. The alternate-form 
reliabilities ranged from .79 to .96, and increased somewhat with duration. Mean scores on 
the maze selection forms and scores on the Minnesota Basic Skills Test for Reading (MBST) 
were correlated to examine predictive validity. Predictive validity coefficients ranged from 
.75 to .81, and were all significant. No differences in patterns of growth were found for the 
scoring method or duration. Significant and substantial growth was found for both the 2-
minute (2.17 correct choices) and 3-minute maze (2.88 correct choices). The last maze study 
on the secondary-school level that we will discuss did examine form effects, reliability, 
validity, and practice effects of maze tasks among grades 6 to 8 students. 
Tolar, Barth, Francis, Fletcher, Stuebing and Vaughn (2012) examined form effects, 
reliability, validity and practice effect of maze tasks. Traditional maze (familiar) and novel 
maze passages were administered for progress monitoring of a reading intervention among 
588 typical readers, from grades 6 to 8. Researcher-provided interventions were given to 471 
struggling readers, and 284 struggling readers served as a control group and received no 
intervention. Test-retest reliabilities were calculated for maze scores across grades assessed 
with the same passage (Familiar) and with different passages (Novel). Test-retest reliability 
for assessment with the same passage was .86, for different passages it was .74. Predictive and 
concurrent validity were examined by relating the two forms of passages and the criterion 
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measures: Test of Word Reading Efficiency (TOWRE), Woodcock-Johnson III Passage 
Comprehension (WJPC) and Group Reading Assessment and Diagnostic Evaluation Passage 
Comprehension (GRADE). Mean predictive validity coefficients were found to be similar to 
mean concurrent validity coefficients.  
In summary, results of maze studies at the secondary-school level have shown maze to 
have reliable alternate-form and test-retest reliability, be a valid predictor of student 
performance, and be sensitive for assessing reading growth. It is noteworthy that across the 
reviewed studies, the maze was constructed in a similar manner, in general following the 
guidelines set out by Fuchs & Fuchs (1992). The mazes were constructed with multiple-
choice items containing 3 alternatives, one correct choice and two distracters. The distracters 
were mostly constructed so that one answer was clearly correct, and the other two clearly 
incorrect (Deno, 1985; Fuchs & Fuchs, 1992; Deno, Anderson, Calender, Lembke, Zorka, & 
Casey, 2002). Often, one distracter was semantically meaningful (although in some studies, 
neither of the distracters was semantically meaningful). In addition, both distracters were 
within one letter in length of the correct choice, both distracters started with different letters 
of the alphabet as the correct choice, and the distracters were from different parts of speech. 
Although the mazes were constructed similarly in the studies reviewed, there are alternative 
ways to construct the maze, related to the methods used to select and present the distracters.  
1.6 Maze construction: Selection of distracters 
The choices in a maze task are usually presented horizontally, that is one next to the 
other. However, in many computer applications of the maze, the choices are presented in a 
vertical format. In the vertical maze format the word choices are presented in short vertical 
lists. Other than the presentation of the distracters, the construction rules for this maze are the 
same as that for the traditional maze task. The vertical maze format is known for being 
difficult in construction, because three words have to be displayed vertically in one sentence. 
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Once the word choices are placed in a vertical list it is difficult to modify or correct the 
choices at a later point (Parker et al., 1992). The fact that the word choices are presented in 
vertical lists results in vertical gaps between sentences, resulting in a larger passage than with 
horizontal format. More than three word choices in the vertical format requires an amount of 
vertical space, making this option impractical because of the wide gaps between sentences 
(Parker et al., 1992). 
In addition to the presentation of the choices, it is possible to develop the distracters in 
various way (Parker et al.,1992). Parker et al. (1992) developed a classification system to 
subtype the type of distracters used in maze research studies. Their classification of subtype 
distracters was based on: syntactic appropriateness, semantic sensibility, and content 
relatedness. Syntactic appropriateness referred to whether the distracter was from the same or 
different part of speech, semantic sensibility referred to the meaningfulness of the distracter in 
the sentence, and content relatedness referred to whether the distracter came  from the passage 
itself. In the classification scheme the distracters were ordered into six different subtypes. 
Although Parker et al., (1992) described various maze formats used in research studies, they 
did not actually examine the effects of various maze formats on maze scores or on the validity 
of the maze. There is a need for research to examine the effects of format on scoring and 
validity of the maze. 
1.7 Purpose of the Study 
The purpose of this study was to examine the effect of maze format on scoring and on 
the validity of the maze as an indicator of general reading proficiency. As a secondary 
question, the effects of gender, and the interaction between gender and maze format, on maze 
scoring was examined. Gender was examined because it is possible that format may effect 
males and female students differentially. Three maze formats were compared in the study: 
traditional, vertical, and subtype. In the traditional maze format the maze was constructed 
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using the rules developed by Fuchs & Fuchs (1992) as explained earlier. In a vertical maze, 
the rules for construction were the same as for the tradition format, but word choices were 
presented in short vertical lists. In the subtype format, distracters were selected based on the 
subtypes identified by Parker et al. (1992). Both distracters came from the same part of speech 
as the correct answer. In addition, one choice was content-related but the other was not.  
The research questions addresses this study were: (1) What are the effects of format 
and gender on the scores of the maze? (2) What are the effects of different formats on the 
correlations between maze formats and comprehension measures? 
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2. Method 
2.1 Participants and setting 
The study took place in a public school in a large city in the Netherlands. Contact with 
the warrant manager of the school was obtained through telephone and email, and an 
information letter about the study was sent to the warrant manager. Two classes of grade 6 
were available for the study. Grade 6 is the last grade of primary school in the Netherlands, 
before students go to secondary education ¹. Participants were 42 students between the age of 
11 and 13 in grade 6. Data from two students were dropped from the study because of missing 
date, leaving a sample of 40 students (24 male). All participants were children from first or 
second generation immigrants. All tests were administered in Dutch as this was the first 
language of the students, because they were born in the Netherlands. 
2.2 Predictor variables 
Three formats of maze served as predictor variables: traditional, vertical, and subtype . 
The traditional format (see figure 1) was constructed in a typical fashion. That is, the first 
sentence was left intact. From the second sentence to the last sentence in the passages, every 
seventh word was replaced with three word choices. The three word choices contained the 
correct word and two word distracters (Deno, 1985; Fuchs & Fuchs, 1992; Deno et al, 2002). 
The word distracters were randomly chosen words (Fuchs & Fuchs, 1992). Rules for the 
selection of distracters of the traditional formats were: distracters have to be clearly 
distinguishable from the correct word, the distracters could not begin with the same letter as 
the correct word, the part of speech had to be different from the correct word, and the 
distracters had to be within one letter in length with the correct word choice.  
 
¹ Grade 6 in the Netherlands is the last year of primary school. In the U.S. grade 6 is the first 
year of middle-school, thus we referred to the participants as middle-school students.  
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Die grote (gips / ster / regen) heet de zon. De aarde is (één / dank / til) van de negen 
planeten die om (oog / de / at) zon heen draaien. 
Figure 1. Horizontal format 
The vertical format (see figure 2) was constructed with the same construction rules as 
the traditional format, except that the word choices were vertically presented to the reader 
instead of horizontally. Thus, when the reader reached the seventh word in a sentence, the 
word choices were listed from top to bottom rather than from left to right.  
 
Die grote                   heet de zon. De aarde is                  van de negen planeten die om                 
 
zon heen draaien.  
Figure 2. Vertical format 
In the subtype format (see figure 3) the word choices were specifically chosen based 
on the part of speech from which the correct answer came. The distracters were subtyped into 
two types (Parker et al., 1992). In the first (subtype 1), the distracter came from same part of 
speech as the correct answer but was not meaningful in the sentence. In addition the word was 
content-related; that is, words were selected from the passages itself. The subtype 1 distracter 
was labelled in this study as; ‘content related distracter’. In the second (subtype 2),  the 
distracter came from  the same part of speech as the correct answer, but was not meaningful in 
the sentence, and was content-unrelated. The subtype 2 distracter was labelled in this study as; 
‘same part of speech distracter’. These two subtype distracters both required semantic 
understanding from the reader at the sentence level. Because of the additional content 
relatedness of subtype 1, one could surmise that these words would be more challenging for 
één  
dank  
til 
oog   
de   
at 
gips   
ster   
regen 
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the reader and as a consequence, there would be a greater chance that the reader would be 
misled by lexical association. Rules for the selection of subtype distracters were: they had to 
be within two letters of length with the correct answer, they could not begin with the same 
letter as the correct answer, the three words had to be on one line of text, one distracter was 
subtype 1 and one distracter was subtype 2. An exception was made for articles (e.g., the). 
Because there are only three articles in the Dutch language (de, het, een), the distracters 
would always be the same words. To avoid multiple use of the same word choices, 
prepositions were also used as distracters for articles.  
Die grote (land / ster / teen) heet de zon. De aarde is (één / met / aan) van de negen planeten 
die om (het / de / uit) zon heen draaien. 
Figuur 3. Subtype format 
2.3 Criterion variables 
Comprehension questions were developed to serve as a comprehension measure in the 
study. For the development of the comprehension measure we relied on the expertise of expert 
readers. Three passages that were used to construct the maze tasks were presented to five 
students of Educational Studies who served as expert readers. The students were asked to read 
one passage and select the most important concepts in the passage. For each concept, the 
students were asked to select what they thought were the most important details belonging to 
the concept. Answers from the students were combined into one form. This form was 
constructed by selecting, frequently per passage, the most frequently mentioned concept, 
followed by the next most frequently mentioned concept, etc. The most important details for 
each concept were also selected by order of rank. The details selected for each concept were 
used to develop the comprehension questions. For example, out of the passage ‘The Earth’ a 
concept that was mentioned by four students is ‘the solar system’. In the concept ‘the solar 
system’ the most mentioned detail is ‘the amount of planets’ in the solar system. Out of this 
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information that expert readers gave, a comprehension question about the passage was 
constructed: How many planets exist in our solar system? 
For each passage ten (medium) multiple questions were developed with five possible 
answers. We chose five answers to make it more difficult than the standard of four multiple 
choice answers. From each set of answers, two wrong answers were passage (content) related, 
the other two wrong answers were passage unrelated. This was also done to make it more 
difficult for the reader to choose the correct answer. The scores on the three questions lists 
was transformed to a scale variable with an Cronbach’s Alpha of 0.825. The second criterion 
variable were the scores on the CITO test. 
The CITO test is a national Dutch school curricula test that every 6th grade student has 
to take prior to transitioning to secondary school (http://www.cito.nl). Based on the CITO 
score, teachers give advice to parents about which kind of secondary-school level fits the 
student. In addition, Dutch secondary schools accept students only if the student’s CITO score 
matches the school type. The CITO test contains three parts: language, mathematics and 
learning skills. All the questions of the CITO test were multiple choice questions. The 
language part contains the sections: text comprehension, vocabulary and spelling. The 
mathematics part contains: percent’s, fractures, money, basic facts, measurement, time, and 
weight.  The learning skills part contains the sections: map reading, use of informational 
sources such as dictionaries, graphs and reading of tables.  
2.4 Data collection 
The students were asked to fill in their name, age, CITO score and second language on 
the first page of the test. The second page contained a description of the tasks included in the 
test and an practice of the maze task. A practice of the maze was done together in class with 
all of the students. This was done to make sure all of the students understood what to do on 
the tests. Five sentences of the traditional maze and five sentences of the vertical maze were 
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read together, for practice. Because the subtype maze looked identical to the traditional maze 
for the students, the subtype maze was not practiced. The objective of the practice was to 
ensure that the students understood how to choose from horizontally presented words and 
vertically presented words.  
2.5 Scoring  
The students had two minutes to read the maze and select as many correct answers as 
they could. After two minutes they were told to stop selecting words. Afterwards the students 
had another two minutes to read the story as a text only (without choices). This was done in 
order to give students the chance to read the original text before the students had another two 
minutes to answer ten multiple choice questions about the text. After the completion of this 
series of tasks, the students were presented with a page containing a stop sign. At this moment 
the students were asked if they were doing well and if they were able to proceed to the next 
session. Each test contained three of these sessions.  
2.6 Design 
A within-subjects design was employed in which every participant completed all maze 
formats. The formats of the maze were counterbalanced with text, so that each text appeared 
in each condition. In addition, the order in which the students completed each format was 
counterbalanced across student. 
2.7 Research questions 
1. What are the effects of format and gender on the scores of the maze?  
- Null hypothesis: There are no significant effects for format and gender. 
- Alternative hypothesis: There are significant effects for format and gender. 
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2. What are the effects of different formats on the correlations between maze formats and 
comprehension measures? 
- Null hypothesis: There are no significant correlations between maze and 
comprehension measures. 
- Alternative hypothesis: There are significant correlations between maze and 
comprehension measures. 
2.8 Data analysis 
To address the research question regarding format and gender differences on 
performance on the maze formats, a repeated-measures ANOVA was computed with one 
within factor (format) and one between factor (gender).  To address the research questions 
about the correlations between the maze formats and the comprehension questions and CITO 
score, a correlation analysis was computed. 
All of the variables were scrutinized for normality by dividing standard error of 
skewness by standard deviation, and by dividing standard error of kurtosis by standard 
deviation. The outcomes of these calculations had to be between 3 and  -3 to have a normal 
distribution.  
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3. Results 
3.1 Research question 1 
The first research question in this study addressed whether maze formats and gender 
affected the scores on the maze. In Table 1, the means and standard deviations on all 
measures combined across males and females are reported. The means for the traditional and 
vertical format were quite similar, both about 25 correct choices. In contrast, the mean for the 
subtype format was lower, about 19 correct choices. The standard deviations for the three 
maze formats were between 6.33 and 6.99; thus the variation in scores on the different 
formats did not differ much. Scores across the three formats were scrutinized for normality 
and found to be normally distributed. The mean number of comprehension questions 
answered correctly was 24 (out of 30 possible). The mean CITO score was 532, with a range 
of 513 to 546. The average CITO score of the participants was close to the national average of 
536 (http://www.cito.nl).   
 
Table 1 
 
Mean and Standard Deviations on CBM and Criterion Variables 
 
 Traditional 
format  
Vertical 
format  
Subtype 
format  
Comprehension 
Questions 
CITO 
score 
Mean 24.18 25.48 18.68 24.12 532.60 
Std.Deviation 6.99 6.64 6.33 4.30 7.88 
Skewness .447 .898 .487 -1.180 -.635 
Kurtosis -.302 .206 .373 1.134 .120 
Minimum 13 17 6 12 513 
Maximum 41 43 35 30 546 
Note.  n = 40 
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 In Table 2 means and standard deviations for format broken down by gender are 
presented. As can be seen in the table, across all formats males tended to score higher than 
females, with scores ranging from 20 to 27 for the males, and 16.5 to 23 for the females.  
To test the significance of the differences between males and females by format, a 
two-way repeated-measures ANOVA, with format as within factor and gender as between 
factor was conducted. A significant main effect was found for format, F = (2, 502.33) = 31.60, 
p < .001.  The main effect for gender approached significance, F = (1, 38) = 3.66, p = .063. 
There was no significant interaction effect found between gender and format, F = (2, 1.03) = 
.065, p = .937.  
A follow up analysis was conducted to examine format differences.  LSD pairwise 
comparisons for format revealed significant differences between traditional and subtype 
format and between vertical and subtype format, with approximately 7 more correct word 
choices for traditional and vertical format, both at p < .001. No significant differences were 
found between traditional and vertical maze. Even though the mean scores differed by format, 
the rank orders of the students remained similar across format. The correlations between 
formats were: traditional and vertical r = .66; vertical and subtype 
r =  .66; subtype and horizontal r = .63. These intercorrelations were all significant (p < .001). 
These correlations reveal that relative performance across formats remained somewhat 
similar. This is important, because it reveals that the majority of the respondents scored in the 
same rank orders across formats.  
In summary, both males and females score significantly higher on traditional and 
vertical formats than on subtype format. On each type of format, males tended to score higher 
than females, but differences were not statistically different. 
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Table 2 
 
 Means and Standard Deviations Broken Down by Gender 
 
 Males Females 
 Mean Standard 
deviation 
Mean Standard 
deviation 
Traditional format 25.42 7.07 
 
22.31 
 
6.63 
 
Vertical format 26.96 
 
7.64 23.25 
 
4.03 
Subtype format 20.12 
 
6.91 16.50 
 
4.75 
Note. males = 24, females = 16 
 
 
3.2 Research question 2 
The second research question in this study addressed the effects of different formats on 
the correlations between maze formats and the comprehension measures. As can be seen in 
table 3 the correlations between maze formats and comprehension questions ranged from .25 
to .36. For the comprehension questions, only the vertical format resulted in a reliable 
correlation (r = .36). Correlations with the CITO were all reliable, but quite similar across 
format (r = .34 to .36). The magnitude of these correlations is quite low, especially when one 
considers the correlation between the comprehension questions and the CITO , which was  
r = .75. 
Table 3 
Correlations between Format, Comprehension Questions and CITO  
 
 Comprehension 
questions 
CITO 
Traditional format 
 
.25 .36* 
Vertical format 
 
  .36* .36* 
Subtype format 
 
.31 .34* 
Comprehension  
questions 
   .75** 
Note. ** p < .01, * p < .05 
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4. Discussion 
The goal of this study was to examine the effects of format and gender on the maze 
mean scores. In addition, we examined correlations between the different maze formats and 
comprehension measures.  
The research questions addressed in the study were: (1) What are the effects of format 
and gender on the scores of the maze? (2) What are the effects of different formats on the 
correlations between maze formats and comprehension measures? Research question 1 was 
addressed by a two-way repeated-measures ANOVA, with maze format as the within factor 
and gender as a between factor. Research question 2 was addressed by a correlation analysis. 
The different maze formats served as predictor variables, and the comprehension questions 
and CITO score served as criterion variables.  
4.1 Format and Gender Effects 
The mean scores on traditional and vertical maze formats were similar, in contrast to 
the mean scores on subtype maze, which were far lower with approximately 6 fewer correct 
word choices. The subtype maze mean was significantly lower than the other two formats, 
and this was the case for both males and females. In general, males tended to score higher 
than females, but differences were not significant. No significant interaction effect was found 
between gender and formats.  
The lower scores on subtype maze were not surprising. As described in the 
introduction, the subtype distracters were from the same part of speech, and the ‘content 
related distracter’ was content related to the correct answer. The subtype distracters may have 
misled the reader to make incorrect lexical associations, resulting in more incorrect choices on 
subtype maze. These two subtype distracters required semantic understanding from the reader 
at the sentence level. This was in contrast to the distracters for the traditional and vertical 
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formats, which were randomly chosen words; as a consequence there were higher correct 
choices on these formats.   
It seems that if a larger sample had been used the gender effect may have been 
significant. In previous research no gender effects on maze measures have been reported, 
primarily because gender effects have not been examined in maze research. The fact that 
males tended to score higher on all maze formats implies that gender should be examined 
more closely in future research.  
The answer to research question 1 is that there were format effects found on maze 
scores, with the subtype format producing significantly lower scores than the other two 
formats. In addition, no significant gender effect was found on the maze scores.  
4.2 Effects of Format on Correlations between Maze and Comprehension 
The correlations between the maze formats and the comprehension measures were 
very low across all types of maze. The highest significant correlation was .36, between 
vertical format and comprehension questions. Correlations between maze formats and CITO 
were .34 to.36, all of these correlations were statistically significant, but low in magnitude. 
The validity coefficients of the correlations between the maze formats and criterion measures 
are too low in comparison with validity coefficients between reading measures in maze 
research. In previous research, correlations of .7 (and above) have been obtained between 
maze and comprehension measures ( Fuchs & Fuchs, 1992; Parker Parker et al., 1992, 1992; 
Wiley & Deno, 2005; Ticha et al., 2009; Pierce et al., 2010).  
The difference in correlations between this and previous maze research are surprising 
and difficult to explain. Perhaps maze is a less valid indicator of general reading proficiency 
in the Dutch language than in the English language. Although a plausible explanation, it is 
difficult to imagine why language would lead to differences in correlations.  
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The two languages are not that different in their construction, although in Dutch, the verb 
typically appears at the end of the sentences of phrases rather than in the second position, as it 
does in English. Perhaps this word placement differences contributes to the differences in 
validity coefficients in some way.    
Another potential explanation is that perhaps the criterion measures used in this study 
were not good measures of reading skills. The process used to construct the comprehension 
questions had not been used previously, so the validity of the questions for tapping into true 
understanding of the text is unknown. In addition, the scores on the comprehension questions 
were very high, reducing the variability in scores, which might contribute to lower 
correlations. Finally, it is possible that the questions were more a measure of background 
knowledge than reading comprehension. Supporting this explanation is the fact that scores 
between the comprehension questions and the CITO were r = .75.  
Although the CITO scores were based on a carefully developed, nationally-normed 
test, these scores, too, were limited for the purposes of this study. The scores used for this 
study were the overall scores on the CITO test, which included language, mathematics and 
learning skills. A better score would have been just the language score; however separate 
scores were not available for the study. 
In sum, the answer on research question 2 is that the effects of correlations between 
maze formats and comprehension measures are low, compared with correlations between 
maze and comprehension measures in previous maze research. 
4.3 Limitations 
Two limitations to the study have already been discussed: the comprehension and 
CITO scores. One other potential limitation to the study relates to the sample. The sample size 
was relatively small, and all participants were from one school, limiting generalization of the 
results to other schools. In addition, one might consider the fact that students were from 
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immigrant families is a limitation, but all participant were born in the Netherlands and had 
Dutch as their first language, this makes it unlikely that it would have affected the results. 
4.4 Conclusions 
In conclusion, significant format effects were found, with the subtype format as the 
most difficult. In addition, males tended to score higher on all formats than females, but 
differences were not significant. No significant interaction effect was found between gender 
and formats. The correlations between maze formats and comprehension measures were of 
low magnitude compared to correlations in previous maze studies.  
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